Introduction
light/dark photoperiod at 20°C day and 15°C night, with 70% humidity. At least two weeks before meiosis,
115
irrigation of plants with a Hoagland solution (100 mL per plant) was commenced following the method previously 116 described in Martín et al., (2017) . Briefly, plants were irrigated once a week with a Hoagland solution (100mL) 117 from the stem elongation stage of the vegetative stage (stage 7-8, Feeke's scale). The composition of the Hoagland 118 solution was: (macronutrients) KNO3 (12 mM), Ca (NO3)2·4H2O (4 mM), NH4 H2PO4 (2 mM), Mg SO4·7H2O
119
(1 mM); and (micronutrients) NaFe-EDTA (60 mM), KCl (50 μM), H3BO3 (25 μM), Mn SO4·H2O (2 μM), Zn 120 SO4 (4 μM), Cu SO4·5H2O (0.5 μM), H2MoO4 (0.5 μM). Four treatments were carried out to analyse the effect of 
127
Mg 2+ (1mM and 2mM of Mg 2+ in water) were used to assess the homoeologous CO frequency in Tazip4-B2-ph1b 128 mutant-rye hybrids. The treatment with either Mg 2+ in water alone or Hoagland solution in Tazip4-B2 ph1b meiocytes assessed for being at meiotic metaphase I by observation under a phase contrast microscope (LEICA
142
DM2000 microscope (LeicaMicrosystems, http://www.leica-microsystems.com/)). The two remaining anthers
143
were left then fixed in 100% ethanol/acetic acid 3:1 (v/v) for cytological analysis of meiocytes. The anthers were 144 incubated in ethanol/acetic acid at 4°C for at least 24h. Cytological analysis of meiocytes at metaphase I was performed using Feulgen reagent as previously described in Sharma and Sharma, (2014) . Metaphase I meiocytes
146
were observed under a phase contrast microscope equipped with a Leica DFC450 camera and controlled by LAS 147 v4.4 system software (Leica Biosystems, Wetzlar, Germany). The digital images were used to determine the 148 meiotic configurations of the meiocytes by counting the number of univalents, rod (1 chiasma) and ring (2 149 chiasmata) bivalents and multivalents (trivalents (1-2 chiasmata), tetravalents (3 chiasmata) and pentavalents (4 150 chiasmata)). Two different methods depending on the number of chiasma (single or double chiasmata) were used
151
to calculate chiasma frequency per meiocyte (see Figure S1 for examples of the scored structures). Images were 152 processed using Adobe Photoshop CS5 (Adobe Systems Incorporated, US) extended version 12.0 x 64.
154
Production of TaZIP4-B2 CRISPR mutants using RNA-guided Cas9 (Table 1) ).
217
Additionally, we scored all meiocytes for the occurrence of double chiasmata in the metaphase I chromosomal 218 configurations (examples highlighted by arrows in Figure S1 ). When double chiasmata were considered in the 219 chiasma frequency, a mean of 8.15 chiasmata and 8.62 chiasmata was observed respectively in Tazip4-B2 ph1b 220 mutant-rye hybrids treated with water alone, and those treated with the Hoagland solution minus Mg 2+ (Table 1) .
221
As expected, no significant differences were observed between the two treatments when double chiasmata were 222 considered in these Tazip4-B2 ph1b hybrids. (Figure 1 ).
232
The concentration of Mg 2+ was subsequently increased to a final concentration of 2mM to assess whether the 233 number of homoeologous COs could be increased further ( Figure 1) . 282 Figure S2 ). Significant differences were also observed when double chiasmata were scored in both mutant lines 283 (Table 3 ; Figure S2 ). Numbers of univalents and trivalents were also affected by treatment with 1mM Mg 2+ in 284 both mutant lines as in the Tazip4-B2 ph1b mutant-Ae. variabilis hybrids described in the previous section.
285
Numbers of univalents were significantly decreased both in Tazip4 , and means of 1.05 and 1.27 trivalents respectively with water alone (Table 3) ).
291
Finally, we assessed the effect of treating with Hoagland solution and with water alone, finding significant 292 differences in homoeologous COs between the two treatments, both in Tazip4-B2 TILLING mutant (Cad1691)-
293
Ae. variabilis and Tazip4-B2 TILLING mutant (Cad0348)-Ae. variabilis hybrids. Numbers of univalents and 294 trivalents were also affected to the same extent (Table 3 ). In the Tazip4-B2 TILLING mutant (Cad1691)-Ae.
295
variabilis hybrid, means of 14.74 univalents and 1.05 trivalents were observed in hybrids treated with water alone,
296
and means of 11.94 univalents and 1.50 trivalents observed in hybrids treated with Hoagland solution (Table 3) .
297
In the Tazip4 
319
to assess the level of homoeologous COs in the resulting hybrids (Table S2) . Frequency of univalents, bivalents
320
and multivalents, and total chiasma frequency were scored at meiotic metaphase I (Table S2) . Tazip4 
